We report on magneto-transport measurements in InAs nanowires under large magnetic field (up to 55T), providing a direct spectroscopy of the 1D electronic band structure. Large modulations of the magneto-conductance mediated by an accurate control of the Fermi energy reveal the Landau fragmentation, carrying the fingerprints of the confined InAs material. Our numerical simulations of the magnetic band structure consistently support the experimental results and reveal key parameters of the electronic confinement.
Introduction.-Semiconducting nanowires (sc-NW) represent a particular class of nanoobjets with a broad range of potential applications in nano-electronics and optoelectronics [1, 2] : their aspect ratio facilitates their processing and combines well with the possibility of band structure tailoring and carrier doping. In particular, small band gap III-V sc-NWs such as InAs present key characteristics, deriving from their wide Bohr radius together with a strong spin-orbit interaction and a large Lande factor. The resulting unusual 1D electronic band structures constitute the foundation for spin and charge control in future nanodevices [3, 4] . Recently, they have been exploited in the field of Majorana Fermions quest [5] .
However, tailoring a reduced number conducting channels in 1D devices remains a challenge. It requires an electronic confinement that comes with a severe drop of the mobility [6] . Despite tremendous effort, backscattering on defects is enhanced for the narrowest wires, concealing the 1D electronic properties [6, 7] . Only recently, the first signatures of quasi-1D subbands in InAs NWs have been observed as steps in the conductance [8] . However, an exhaustive direct spectroscopy of the confined states in individual NWs remains unachieved.
Here, our strategy consists in playing with InAs NW based transistors in the open quantum dot regime and under extremely large magnetic field. High magnetic fields are required for a full spin and orbital degeneracy lifting once the magnetic confinement overcomes the electronic one [9] . For a perpendicular magnetic field, the 1D electronic band structure evolves into magneto-electric subbands with a flattening of the dispersion curves, the onset of conducting chiral edge states and a Zeeman splitting together with an up-shift of the subbands energies accompanying the Landau diamagnetism [10] . These magnetic states modify the conductance in a complex manner, following the depletion of the 1D channels and their degeneracy lifting in the quantum Hall regime [10, 11] .
In this Letter, we give evidence of the 1D band structure of InAs NWs on the twoprobe conductance mediated by the carrier density and a perpendicular magnetic field.
Large conductance modulations reveal the magnetic field dependence of the 1D conducting states and the spin and orbital degeneracy. Under large magnetic field and/or at low carrier concentration, a full magnetic depletion of the NW is also achieved, inducing a turning off the conductance. Our results are consistently supported by numerical simulations of the magnetic band structure, revealing the key parameters of the electronic confinement in InAs.
InAs NWs with diameters (D) of 30 ± 5nm are synthesized by gold-assisted gas-source molecular beam epitaxy on InP(111)B substrates [12] . High resolution transmission electron microscopy reveals a pure wurtzite crystal structure, virtually free of any extended structural defects [13] . The NWs are mechanically broken and deposited on a degenerately n-doped Si/SiO 2 (225 nm) wafer. Contacts are defined along the NW using electron beam lithography.
The oxide on the contact area is etched in a (NH 4 ) 2 S x solution just before the evaporation of Ti/Au (10/150 nm) electrodes. The conductance of the InAs NW FETs versus back-gate voltage and pulsed magnetic field is measured from 300K down to 2K, using the standard lock-in technics in the low bias voltage regime (eV b < kT ) and under controlled atmosphere.
Several devices (>10) have been fully characterized ensuring the robustness of our findings.
In what follows, we mainly present extensive results for one device defined by a 225nm source-drain distance and D = 31nm, having the hallmarks of the overall samples. These values are similar to those already reported on similar InAs NW devices [8] . Assuming independent scattering events between the 1D channels and a negligible contact resistance checked by four-probes measurements (not shown here), we deduce the electronic mean free path l 1(2) ≈ 140(90)nm for the first (second) subband, confirming the quasi-ballistic regime.
The modeling of the conductance gives also an estimate of the geometrical capacitance. The knowledge of C g remains a key issue for an accurate determination of the field effect mobility [15]. External parameters like the metallic screening inherent to the contacts or the presence of surface states around the wire make inapplicable the routinely used metallic cylinderplane capacitive model [16, 17] . Here, we deduce an effective coupling of 4.2 ± 0.2pF/m, smaller than the simulated one (13.7pF/m), taking into account the screening of the metallic electrodes [18] , but modeling the nanowire as a metal. Our G(V g ) analysis finally validates the sequence of the calculated conduction subbands minima and provides an accurate correspondence between E F and V g .
Next, a magnetic field is applied perpendicular to the InAs NW and the magneto- the G(V g ) plot (Fig.3) . Experiments are performed at 50K to get rid off the UCF. Consequently, the diffusion coefficient driven by quantum interferences becomes mostly magnetic field independent ; only the field induced changes of the electronic density of states affect the conductance. Large conductance modulations develop as a function of the magnetic field and depend on the number of 1D-channels below E F . We schematically define three energy windows exhibiting distinct MC behavior : (i) Between the threshold voltage and the first conductance subband (1V ≤ V g ≤ 3V ), a monotonous decrease of the conductance is observed with a shift toward high magnetic field when the carrier density is increased.
(ii)
Below and in the vicinity of the second subband (3.5V ≤ V g ≤ 6V ), an oscillatory behavior of the conductance develops and consistently shifts to higher field when E F increases.
These oscillations go along with an overall increase of the conductance followed by a drop of conductance at high field. several MC curves, with 5V ≤ V g ≤ 9V , merge together above 25T, suggesting a similar magnetic conducting state.
To rationalize these features, we first simulate the magnetic field dependence of the 1D E i (k) dispersion and their energy minima, E i (B) (Fig.2) . Under 50T, the magnetic length (Fig.4b, top panel) , the drop of conductance, shown on an other device with a comparable diameter (33nm), is even more spectacular. It goes along with the pinning of E F on the lowest level (Fig.4b, low panel) . Indeed, we assign the magnetic quench of the conductance to a complete electronic depletion of the wire. When E F approaches the bottom of the lowest subband, the charge carrier density can not be considered constant anymore.
The quantum capacitance starts to be smaller than the geometrical capacitance in series, inducing to a strong decrease of the effective coupling and a depletion of the number of free electrons. This is in apparent contradiction with our assumption of a constant carrier density. However, we numerically checked that the quantum capacitance only plays a role at the bottom of the lowest subband which means that our simulated E F (B) remain valid until the high field drop of conductance.
In the high doping regime (iii), when E F is well inside the second subband, the MC exhibits several bumps and step-like decreases (Fig.5a, top panel) . The analysis of the magnetoelectric subbands and their crossing of E F (B) (Fig.5a, low panel) gly, the successive decreases are not quantized in unit of e 2 /h and they are systematically preceded by an increase of the conductance. When E F lies between two magneto-electric sub-levels, the onset of chiral channels at the flanks induces a backscattering probability de-crease. However, the magnetic depopulation occurs well before a complete spatial separation of the k+ and k-propagative states, preventing any quantized value of the conductance.
In the intermediate regime (ii), below and in the vicinity of the second subband, the behavior of the MC seems more complex (Fig.5b) . At 8V, the first and the second drop of conductance, around 10T and 17T (marked by the black arrows), corresponds to the loss of the three first conducting channels and the fourth one of the second subband, respectively.
At 6V, the first drop of conductance, occurring at 10T, is assigned to the crossing of the lowest sub-level of the second subband with no signature of a degeneracy lifting (marked by red arrow). The second drop of conductance, around 18T, does not find a straightforward explanation. The situation becomes even more puzzling when decreasing the doping level.
At 4.5 and 5V, E F lies within 15meV below the second subband. An overall increase of the conductance with some large modulations develops. These modulations are similar to those observed at higher gate voltage, except that they occur at slightly lower magnetic fields.
Here, we can not involve a direct crossing of E F with the magneto-electric subbands, except for the high field drop of conductance at 25T for V g = 4.5V (marked by blue arrow). On the other hand, one should note that the rather high experimental temperature (50K) likely induces a fractional thermal occupation of the subbands lying few kT (roughly 15meV ) above E F . The first drop of conductance at 8 and 11T, for V g equals 4.5 et 5V, might be a consequence of the depopulation of the very few electrons thermally activated into the second subband. However, the well defined and reproducible shoulder we observe between 15T and 20T for V g in the range of 4 − 5.5V remain unexplained ( Fig.3 and 5b) .
In the following, we bring additional evidence of the magneto-fingerprints of the band structure. First, at low field, before the Landau regime (below 5T), we note that the MC successively varies from a flat signal, for V g ∼ 1.5 − 3V and 6 − 8V , to a large gain of conductance, for V g ∼ 4 − 5.5V and 9 − 10V (Fig.3) . The flat MC signal occurs when E F lies within the van Hove singularities (around 1.5 ± 0.5V and 6 ± 0.5V ). The corresponding k-vectors are strongly reduced and the resulting Lorentz force on the electronic trajectory is poorly effective. When E F is located well inside a conducting subband, much larger k-vectors are involved. The gain of velocity favors the classical force and the formation of skipping orbits at the flanks, responsible for the positive low field MC. This picture also explains the overall increase of G(B) for V g ∼ 4 − 5.5V . When E F is well above the highest occupied subband, here the first subband, the number of conducting channels remains constant over a wide magnetic field range and the magneto-conductance is mainly driven by the gradual onset of spatially separated chiral currents, responsible for a gain of conductance. Additionally, we previously mentioned that several MC curves merge together around 25T independently of the doping level, for V g varying from 5 to 9V. Fig.5 reveals that this is supported by a similar magnetic state when only the two lowest subbands carry the current in the high field regime.
We finally state that the major magneto-conductance features find natural explanations in the field dependence of the electronic band structure. The evidence of spin and orbital degeneracy lifting also constitutes an efficient tool to estimate the Zeeman energy and the g * factor. The first drop of conductance occurring at roughly B ∼ 10T for the curves at 6 and 8V coincides with two distinct E F (E F,6V ∼ 509 ± 2meV and E F,8V ∼ 515 ± 2meV ) crossing the two sub-levels with similar orbital momentum but opposite spin states. We deduce the 
